Experimental
Morphological characterization. Cold field emission scanning electron microscopy equipped with energy dispersive X-ray spectrometer and transmission electron microscopy (TEM; JEOL JEM-2100) were used for morphological characterization. To obtain cross-sectional view of electrodes, electrodes were broken immediately after being immersed in liquid nitrogen.
Electrochemical Characterization. Coin-type half cells (2032R) were assembled in Argonfilled glove box. Electrolyte was 1.3 M LiPF6 in 3:7 (v/v) ethylene carbonate (EC): diethyl carbonate (DEC) with 10% fluoroethylene carbonate (FEC). SECA was used as a working electrode while lithium metal was used as a counter electrode. In a conventional configuration, the separator (polyethylene; Asahi NH716) was sandwiched between the conventional electrode and lithium metal. The cells were galvanostatically charged/discharged in a voltage range of 0.01 V to 1.2 V versus Li + /Li using a cycle tester (WonATech, WBCS 3000 battery measurement system). The cells were stabilized at 0.5C for the first cycle (1C = 3700 mAh g -1 ).
Calculation Figure 1d. Electrode mass as a function of silicon loading
Mass of electrodes (m) consists of four components: m = mA + mB + mC + mCC where A = active material (nwSi in this work), B = Binder, C = conducting agent (carbon black in this work) and CC = current collector. All of the four components should be considered with heavy amount of current collector in conventional electrode systems.
However, mB can be neglected in our SECA because nwCu plays roles of binders as well as conducting agents. One more different thing between the conventional electrode and our SECA is mCC: 16 mg cm -2 for the conventional versus 1.3 mg cm -2 for the SECA. mCC is independent of the silicon loading (mA) while mB and mC depends on mA at a fixed composition of electrodes. 6:2:2 A/B/C composition (A = nwSi, B = PVdF and C = Super P) was used for the conventional electrode while three different A/C compositions (A = nwSi and C = nwCu; 3:7, 5:5 and 7:3) were tested for the SECA. SECA of various nwSi contents. Smaller total volume of electrode is achieved with higher contents of nwCu because density of copper is higher than that of silicon. The same amount of nwSi for all SECA's and even the conventional electrodes were used at 0.6 mg Si cm -2 for fair comparison. Figure S6 . Connectivity between design parameters, dimensional and electrochemical characteristics and resultant performances. Lower-level factors affect higher-level ones. For example, xSi is the factor to control Vvoid, which affects i, which determine rate capability. Relatively weak connectivity was neglected. 
